We consider the effects of assuming linearity in solving the moving boundary problem that describes one-dimensional groundwater flow in compacting sedimentary basins. The linear problem in which specific storage and hydraulic conductivity do not vary can be solved analytically. This solution should be applied to geological problems with caution because of the implications of assuming that specific storage is constant over the range of stresses typical of sedimentary basins. A nonlinear equation in which specific storage and hydraulic conductivity vary with effective stress describes compaction flow more realistically. This equation can be solved accurately by a numerical method. Solutions to the nonlinear equation show that the solution to the linear equation can significantly overpredict excess heads in compacting basins. Large excess heads develop by compaction in sediments of lesser conductivity and over a smaller conductivity interval than suggested by the linear solution. The nonlinear solutions predict that geopressured zones should develop in shaly basins undergoing rapid sedimentation but fail to explain the abrupt transition from hydrostatic to near-lithostatic pressures observed in these basins. The transition is better explained as the result of a facies change or a discontinuity in conductivity caused by diagenetic reactions than a decrease in hydraulic conductivity during compaction.
INTRODUCTION
Quantitative description of groundwater flow due to sediment compaction during the evolution of sedimentary basins has been of considerable scientific and economic interest in recent decades. The interest stems from inferred relationships between compaction-driven flow and the migration of hydrocarbons, formation of economic ores, diagenetic alteration of petroleum reservoirs in deep strata, and concentration of sedimentary brines. In addition, compaction in rapidly subsiding, shaly basins can cause zones in which pressures on pore fluids approach lithostatic. These geopressured zones create difficulty in drilling oil wells and may localize petroleum reservoirs as well as provide a future energy resource. Bethke [1985, 1986b] reviewed the geologic importance of compaction flow.
Sediments in evolving basins compact under the weight of the accumulating overburden. Pressure on the pore fluid, which is set by the hydraulic gradient required to expel pore fluid from the sediments rapidly enough to accommodate porosity loss, acts to resist compaction. Bredehoeft and Hansha**' [1%8] were the first to calculate the excess hydraulic heads that develop in a basin during sedimentation. Their analysis followed Gibson [ 1958] , who showed that the equation 
NONLINEAR FORMS OF THE GIBSON EQUATION
We test the effects of assuming linearity in calculating compaction flow by deriving and solving approximately two nonlinear equations. In the first case, specific storage varies with effective stress in a manner consistent with compaction profiles observed in basins. By assuming this physically reasonabie description of sediment compaction, the consequences of assuming a constant value of specific storage, described in the previous section, can be evaluated directly. In the second case both specific storage and hydraulic conductivity decrease with effective stress. Because this equation accounts for the most s•gniiicant variations in the matdrial properties of a sediment undergoing mechanical loading, solutions here can be cornered to observed head distributions in compacting basins. The finite difference scheme was tested by comparing approximate solutions made using a constant value of S, to Gibson's analytical solution (2). In the tests, a hydraulic conductivity of 10-s cm/s, s•cific storage of 3 x 10-• cm-•, and data in Table 1 Here Table 1. sediments compact as a function of effective stress, the difference between total stress and pore pressure. The equation, which is significant because it has a closed-form solution as a moving boundary problem, was derived to analyze engineering problems where differences in effective stress are small. The equation should be applied to the study of compaction flow in sedimentary basins with caution because the material properties in this environment depend strongly on effective stress. Especially, assuming that specific storage is constant requires that sediments lose porosity at increasing rates as effective stress increases, counter to observed compaction profiles. Because compaction rates increase with effective stress according to this assumption, constant specific storage commonly implies the physical impossibility of negative values of porosity at stresses typical of basins. For these reasons, solutions to the Gibson equation overpredict compaction rates and excess hydraulic heads in deep strata.
Solving the nonlinear problem exactly in the more realistic case of varying specific storage is unlikely because the governing equation takes on a nonlinear form believed to be intractable to symbolic analysis. The moving boundary problem, nonetheless, can be solved accurately by a numerical technique without the restriction of linearity. Solutions to the nonlinear problem in which specific storage varies with effective stress (Figures 3 and 4) however, are about constant, indicating that transition from hydrostatic to lithostatic heads does not occur due to decrease in hydraulic conductivity during compaction. Instead, a discontinuity in conductivity due to diagenetic cementation ot sediments, as might occur by precipitation of the reaction products of smectite illitization [Foster, 1981; Bethke, 1986b] , or superposition of sandy over shaly facies [Dickinson, 1953: Ber•t and Haybeck, 1982] must localize the transition interval.
